Abstract Massive open online courses (MOOCs) remain a novel and under-evaluated learning tool within anatomical and medical education. This study aimed to provide valuable information by using an anatomy MOOC to investigate the demographic profile, patterns of engagement and selfperceived benefits to healthcare professionals. A 21-item survey aimed at healthcare professionals was embedded into the Exploring Anatomy: The Human Abdomen MOOC, in April 2016. The course attracted 2711 individual learners with 94 of these completing the survey, and 79 of those confirming they worked full-or part-time as healthcare professionals. Variations in use across healthcare profession (allied healthcare professional, nurse or doctor) were explored using a Fisher's exact test to calculate significance across demographic, motivation and engagement items; one-way ANOVA was used to compare self-perceived benefits. Survey data revealed that 53.2% were allied healthcare professionals, 35.4% nurses and 11.4% doctors. Across all professions, the main motivation for enrolling was to learn new things in relation to their clinical practice, with a majority following the prescribed course pathway and utilising core, and clinically relevant, material. The main benefits were in relation to improving anatomy knowledge, which enabled better support for patients. This exploratory study assessing engagement and self-perceived benefits of an anatomy MOOC has shown a high level of ordered involvement, with some indicators suggesting possible benefits to patients by enhancing the subject knowledge of those enrolled. It is suggested that this type of learning tool should be further explored as an approach to continuing professional, and interprofessional, education.
Introduction
Massive open online courses (MOOCs) have recently been proposed to revolutionise education; however, the initial enthusiasm has abated and their role is now under considerable debate [1] [2] [3] . Within medical, and recently anatomical, education, there have been numerous suggestions as to how MOOCs can influence healthcare professional's training without, as yet, any substantial empirical evidence to develop a conceptual framework for their wider implementation [4] [5] [6] [7] . However, what is clear from the wider literature is that computer-based instruction is effective in supporting learning if appropriately designed [8, 9] ; but with so many different forms, it is unclear which format suits which learning context [5, 10] . Online learning per se is not a novel educational modality, with existing forms typically involving an individual learner navigating content in effective isolation [11] . MOOCs, in contrast, are open and accessible to large numbers of learners from diverse backgrounds, with the only restrictive factor being access to an internet-enabled electronic device. Typically, MOOCs are based around conventional higher education programmes and integrate video-based lecture material, automated online assessments, and discussion fora for learners to engage with in a personalised manner that suits their individual needs. This informal, voluntary approach to learning is different to how many healthcare professionals would have previously learned, which is tutor driven and assessment based, with the drive to learn often based upon assessments [12] [13] [14] [15] . Due to the absence of a highly scaffolded curriculum, and only a suggested course pathway to guide learners, a high degree of self-regulation is required to optimise the MOOC learning experience [16] [17] [18] [19] [20] . Concomitant with the ability to acquire or refresh knowledge, MOOCs provide a platform for collaboration amongst a heterogeneous population of learners [21] , enabling the sharing of experiences and development of ideas beyond the material provided. The potential for this interchange of ideas within MOOCs is highly applicable to medical education due to the constant need for healthcare professionals to develop and discover new knowledge. Across undergraduate and postgraduate medical education, MOOCs have an emerging presence with evidence to support their use as part of blended curricula on campus-based medical course [7] , suggestions they could be used as part of flipped classroom approaches [22] [23] [24] , although research from other disciplines suggests this needs serious consideration [25] . Additionally, they have been suggested as an alternative platform for interprofessional education (IPE) [26] or as an online approach to continuing professional development (CPD) [6, [27] [28] [29] [30] [31] [32] .
Previous research using the same MOOC detailed in this study highlighted a mixed uptake by undergraduate medical students [7] . In this specific context, the MOOC was used as a supplementary tool as part of a blended learning curriculum that included a range of teacher-led sessions (i.e. lectures, dissection classes and tutorials), and self-directed resources embedded into the course's virtual learning environment (i.e. formative assessment, practical class videos, eBooks, and social media channel). Assessing the impact on students who engaged with the MOOC revealed that a clear majority were in favour, which is generally supported by the literature [33] [34] [35] , but not at the expense of replacing the existing teacher-led sessions. Moreover, the undergraduate students used the MOOC in a personalised manner and engaged with the specific resources which they determined were of benefit to them. This is not a surprising pattern of behaviour given that they were enrolled on a medical course which has a clearly defined curriculum. Although there are clear advantages to integrating the existing content of MOOCs into campusbased undergraduate courses, due to the financial and temporal demands required to develop a MOOC the main rationale for their further development needs to be focused on offcampus education.
Continual professional development programmes are an important part of healthcare professional's postgraduate training and serve to maintain and improve an individual's performance in relation to patient outcomes [36] . Developing CPD programmes is particularly pertinent within anatomical education due to its diminishing presence within broadening medical curricula [37] [38] [39] . Currently, numerous approaches to remedy this potential shortfall in anatomy knowledge have been proposed, including: demonstrating and teaching assistantship schemes [40] , the creation of postgraduate training centres and the development of specific postgraduate anatomy qualifications, such as the Diploma in Surgical Anatomy run by the University of Dunedin in New Zealand [41] . Moreover, across medical education, there remains a need to explore the distinction between core knowledge, which is suitable for undergraduate students, and advanced knowledge, which is intended for specialist trainees [42] . As healthcare professional's roles become more specialised, it is important that opportunities are afforded which allow individuals the option to personalise their learning-that is, an ability to select the specific learning objects required for an individual's exact requirement. Although anatomy training at postgraduate level requires a hands-on approach to acquire both the advanced knowledge and to develop the necessary skill set, MOOCs may provide an opportunity for all healthcare professionals, whatever their level of training and location, to engage in a form of CPD that allows them to increase their knowledge base. Moreover, due to the heterogeneous population of healthcare professionals who can engage in the course simultaneously, MOOCs have the potential to support IPE in an online setting [26] . This is particularly timely with the increased drive to utilise IPE across healthcare curricula, and especially within the basic sciences such as anatomy [26, 43, 44] . It is well understood that IPE is an important approach to medical training, which intends to highlight the changing nature of clinical practice, and improve patient outcomes [43] . With the growing demand for IPE across medical curricula, the use of technology is a possibility for supporting its introduction and allow healthcare professionals an opportunity to contextualise their learning within the clinical setting as part of an interprofessional team. Technology, and potentially MOOCs, can provide an online platform for healthcare professionals from a range of specialties to collaborate and learn with each other across boundaries [26, 43] .
Currently, although much is known about the demographic profile of MOOC learners [21] , measuring their actual impact is difficult. For example, interpretation of completion rates is difficult without knowing the motivations of the individual learners, and although MOOCs are known for their massiveness, within the abundance of data and statistics, there are invisible learners who will be on a personal journey that is specific to them [45] . Each of these individual learners will have their own specific goals, and attempting to measure the success, or otherwise, of MOOCs across broad profiles is particularly difficult, and perhaps unhelpful. Therefore, understanding the impact of MOOCs on these learners is the key to understanding their potential role and scalability. Within medical education, little is understood about the demographic profile, motivations, engagement patterns and perceived benefit of MOOCs to healthcare professionals. This exploratory study assesses the use of an anatomy MOOC by healthcare professionals and builds on previous work which focused on undergraduate students use as part of a blended learning medical anatomy curriculum. Questionnaire data is used from learners who self-identified as a healthcare professional to better understand the role of an anatomy MOOC in supporting professional development via the following research questions:
1. What are the demographic profiles of healthcare professionals who enrol on an anatomy MOOC? 2. What patterns of engagement do they exhibit? 3. What are the perceived benefits of the MOOC within clinical practice?
Methods

Participants and Context
Healthcare professionals who enrolled on Exploring Anatomy: The Human Abdomen MOOC were directed to a survey via a message posted at the end of week review. The MOOC was developed by the University of Leeds, UK, and hosted on the FutureLearn platform (www.futurelearn.com/ courses/anatomy). The structure and content of the course has been described in detail elsewhere [7] ; briefly, the course ran for 3 weeks in April 2016 and covered the clinical anatomy of the abdomen. Each week contained a series of video lectures, automated self-assessment questions, and research and discussion fora. The course attracted 2711 individual learners, with the majority of learners on the course not identifying as healthcare professionals; of the 138 who identified as working in the health and social care sector, 94 (68. 1%) completed this additional survey.
Instrument, Data Handling and Statistical Analysis
Of the 94 individuals, 15 were removed as they failed to identify as being in either full-time or part-time employment leaving 79 who were analysed further. The survey instrument contained 21 questions in line with the study's research questions with one of these requiring the learners to confirm consent. Five questions sought to obtain demographic data, specifically: gender, age, highest qualification, employment status and current role. The remaining items focused on motivation (3 questions), engagement (5 questions) and selfperceived benefits (7 questions). To determine statistical significance for the type of role against the demographic, motivation and engagement items, Fisher's exact test was implemented due to some contingency table cells containing values <5. The 4 questions that focused on the perceived benefits of the course were positively phrased Likert-style and presented as mean (M) ± standard deviation (SD) of the mean, with the percentage of students agreeing with statements also detailed in the text where appropriate [46] . Furthermore, to determine any statistical difference across healthcare role the individual responses (strongly agree, 5; agree, 4; neither agree nor disagree, 3; disagree, 2; strongly disagree, 1), the perceived benefit questions were summed with a minimum and maximum score of 4 and 20, respectively, possible, and one-way ANOVA deployed. The summed scores are presented as the mean and standard deviation with an alpha level of 0.05 used to determine statistical significance. The internal reliability of these four items within the instrument was good with a Cronbach's alpha of 0.86, and the whole instrument calculated as 0.71. The final item asked participants to provide an example as to how completing the anatomy MOOC has enhanced your clinical work? Individual learner responses were coded (AHP = allied health professional; D = doctor; N = nurse) and randomly assigned a learner identification number (i.e. D2).
Comments were assigned to one of two emergent themes which were determined and confirmed by both authors, and presented verbatim within the results section. Four comments were removed as not relevant. 
Results
Learner Demographics
From the learners who completed the survey, 54 (68.4%) and 25 (31.6%) self-identified as female or male, respectively (P < 0.05), with 42 (53.2%) working as an AHP, 9 (11.4%) as a doctor and 28 (35.4%) as a nurse (P < 0.05). Of those who work in allied healthcare, there were a higher proportion of females compared to males (66.7% vs 33.3%), with roles such as occupational therapist, radiographer, dietician and paramedic identified. Similarly, there were a larger number of females amongst those who self-identified as nurses (82.1% vs 17.9%), with staff nurse, surgical nurse specialist and practice nurse being common roles. The remaining learners selfidentified as doctors with the majority being male (66.6% vs 33.3%), and roles such as paediatric surgeon and general practitioner being reported. The remaining demographic data is detailed in Table 1 and reveals the age, highest qualification and employment status. The age of the group as a whole was evenly distributed with the highest number of learners within the 46-55 years of age range for all healthcare roles. In regard to highest qualification, over half the group were educated to the degree level, with a slightly larger proportion stated they were in full-time employment.
Motivations for Enrolling on the Anatomy MOOC Table 2 outlines the motivations for enrolling on to the MOOC and highlights that the vast majority of learners were motivated to learn new things, with this specifically being in relation to their clinical work. However, it should be noted that the healthcare professionals who had self-identified as doctors were significantly more motivated to take the MOOC so they could engage with university-level education and to supplement their existing studies, although this latter aspect did not reach significance (P > 0.05). In addition, a majority would have enrolled even if it was unrelated to their clinical work, with this being lowest amongst doctors.
Engagement with the Anatomy MOOC
How learners engaged with the MOOC in regards to following the course pathway, utilisation of resources, location and level of interaction were assessed and presented in Table 3 . Overall, 80% of healthcare professionals followed the suggested course pathway to a high degree (completely or mostly), with the vast In regard to location, the majority accessed the MOOC while at home. In regard to the temporal engagement, almost 50% visited the MOOC once every 2-3 days. This was reflected amongst those who self-identified as AHPs and nurses, with doctors engaging significantly less frequently. When accessing the MOOC, the majority engaged for between 30 and 90 min at a time, with once again those who self-identified as doctors appearing to engage slightly differently with a lower time spent per visit.
To assess the role of, and engagement with, the automated tests and discussion fora located throughout each week of the MOOC, two items posed positively phrased statements: I used the tests located throughout the MOOC to assess how I was progressing during the course and I actively participated in the discussion and research questions to support my learning. Overall, 76 (96.2%) agreed that the tests supported their progression through the course, which was similar across individual healthcare roles (AHP = 97.6%, D = 88.9%, N = 96.4%). In regard to the discussion fora, only 21 (26.6%) agreed that it supported their learning, with doctors (33.3%) and nurses (32.1%) appearing to appreciate them significantly more than AHPs (21.4%; P < 0.05).
Perceived Benefits of the Anatomy MOOC
In regard to the perceived benefits of enrolling, four positively phrased items were added to the questionnaire with the learners asked to express their level of agreement (Fig. 1) . All four items were responded to positively indicating that the MOOC was a useful learning tool compared to other resources available (96.2%), it advanced the learners understanding of anatomy in relation to their clinical practice (96.2%), and that they are now more able to work competently (70.5%) and with increased confidence (79.5%). To compare responses across the specific healthcare roles, the four items were summed with an overall high level of benefit observed (M = 16.8, SD = 2.3), with no significant difference amongst 
Discussion
The use of MOOCs in anatomical and medical education is currently an under evaluated area of pedagogy, with only an emerging evidence base to support the wider integration into relevant undergraduate or postgraduate curricula. Although MOOCs have been available for almost a decade, and courses continually becoming available on commercial platforms, there remains a paucity of empirical evidence to support their utilisation. Specifically, within medical education, numerous roles for MOOCs have been proposed for both on-and off-campus learning [7, 22, 24, 26, 27, 29] ; however, a clear rationale for their effective deployment is still nascent. This study focused on the use of a clinical anatomy MOOC by healthcare professionals building on previous research that analysed its use by undergraduate medical students [7] . It focused on the demographic profile of healthcare professionals who had voluntarily enrolled onto the MOOC, as well as attempting to establish the patterns of engagement, motivation and self-perceived benefits.
Demographic Profile of Healthcare Learners
The demographic distribution of healthcare professionals who completed the survey was broadly in line with the healthcare workforce of the UK, with females forming the majority [47, 48] . This was evidenced with the majority of female learners identifying as either an allied healthcare professional or as a nurse, and male learners identifying as doctors. This distribution of gender is also in line with previous runs of the same MOOC, which highlighted a clear majority of female learners [7] and is consistent with the other courses developed by the University of Leeds [49] and those hosted more generally on the FutureLearn platform [50] . It should be noted, however, that these findings do differ from the global gender distribution of MOOC participation, which has a reportedly 2:1 ratio of male to female learners, although it is important to appreciate that platforms such as EdX and Coursera host a high number of courses which are predominantly male orientated [21, 51] . Similarly, the healthcare professionals that enrolled were older than your typical MOOC learner, which has been reported to have a median age of less than 30 years old [21] , although FutureLearn do note an older audience [50] . However, the pattern of employment and Fig. 1 Quantitative data for the self-perceived benefits of enrolling onto the MOOC for healthcare professionals. Data is presented as mean ± standard deviation of the mean. Likert scale: 1 strongly disagree, 2 disagree, 3 neither agree nor disagree, 4 agree, 5 strongly agree. Number of participants, n = 79; Cronbach's alpha = 0.86 type of employment are similar to previously reported demographics and although it is unsurprising that the targeted individuals have a high-level of education, it does provide further evidence that MOOCs are attracting learners who are employed, educated and of a high socioeconomic status [21, 52] .
Patterns of Engagement with the Anatomy MOOC
Although the survey data indicates a majority of healthcare professionals were employed as AHPs, treated as a homogenous cohort, the level of engagement compared to undergraduate student engagement was noticeably different [7] . The undergraduates appeared to use the resources within the MOOC in a more personalised manner: They tended to enter the course, access the resources deemed useful and then leave. The healthcare professionals, however, appeared to behave in a much less personalised manner. They enrolled onto the course without prompting and then engaged in a much more ordered way. They closely followed the suggested course pathway and engaged in the core and clinically relevant material. Noticeably, they did not access the advanced material to a similar level as the undergraduate students, highlighting a clear disparity in engagement that could be related to the individual needs of the learner. The healthcare professionals also accessed the course more regularly, spending longer periods of time per visit. These contrasting levels of, and approaches to, engagement is not overly surprising when viewed within the specific context of each learner. A campus-based medical student is situated within a highly scaffolded curriculum, where they are presented with teacher-led sessions and immersed within a curriculum at that point in time. In this campus-based undergraduate setting, the MOOC served as a supplementary learning resource alongside the timetabled lectures, practical classes and tutorial sessions. It is therefore not unexpected that they approached the MOOC in a much more personalised manner, accessing the content they felt would supplement their existing resources. For the healthcare professionals, the main driver appeared to be a desire to learn new things, specifically in relation to their clinical practice, and as a result they tended to engage with the course more holistically. Without access to an alternative framework to focus their learning, each healthcare professional had to make their own decision as to what was important to them individually, and it is therefore understandable that this cohort would follow the course pathway more closely.
MOOCs are characterised by their openness and provide learners with an opportunity to discuss content amongst themselves in an online setting. This feature of the course did not appear to be generally appreciated by the healthcare professionals, who exhibited a low level of engagement that was similar to the undergraduate students use. However, it must be noted that although the willingness to share information amongst themselves may be questioned due to the low-level approval of the discussion fora, the figures reported are actually higher than for the general population who took the MOOC. Out of the total number of general learners who enrolled on the MOOC, only 17.6% posted at least one comment, with a large proportion of these, 37.2%, posting just one. Furthermore, MOOCs in general have a low proportion of learners making comments, with FutureLearn reporting that only 36% of its learners engage in social interaction [53] . Although the massive nature of MOOCs may not lend itself to such discursive situations, the shift towards closed groups within MOOC platforms or small private online courses (SPOCs) may remedy such issues [54] . Such environments would promote the sharing of information amongst specialties in a targeted and informal online setting, providing opportunities that are not currently available. Situations could be envisaged where groups of like-minded healthcare professionals from a variety of disciplines could aggregate on such a course and participate together in an interprofessional setting, in contrast to the more traditionally situated IPE environments [55] . With the increased drive to incorporate IPE into medical curricula, and with clinical anatomy remaining a cornerstone of clinical practice, utilising a learning platform like a MOOC or SPOC offers new opportunities that are worthy of further exploration. Moreover, recent studies have highlighted how IPE undertaken with anatomy as a central focus can promote the team building and cultural shift required to work in a modern team-based healthcare system [56, 57] . Furthemore, with the contextual learning that IPE offers, anatomy knowledge itself can be enhanced as the content is given immediate relevance which supports its retention [58, 59] . Whether these positive outcomes of IPE within anatomy can be transposed to an online setting, such as a MOOC, remains unclear.
Self-Perceived Benefits of Enrolling onto the Anatomy MOOC
The self-perceived benefits of having enrolled onto the course are very clear, with the vast majority of healthcare professionals confirming that the course advanced their understanding of anatomy, with the majority reporting they feel able to work with increased confidence and competence. Although these conclusions are drawn from a group who were clearly highly motivated, as they not only enrolled on the MOOC, but also completed the survey, there is no reason to doubt their responses. Moreover, in regard to the healthcare profession in general, these benefits provide evidence as to the potential role for MOOCs as an effective CPD tool in medical education, either in isolation as an individual learner or part of an informal IPE environment. The value and perceived benefit of MOOCs is often questioned; however, the qualitative data presented within this paper provides a clear and unabridged view of the tangible benefits individuals have reported by engaging. In an era of individualisation and personalisation, this MOOC has provided a group of healthcare professionals an opportunity to either learn, or refresh their knowledge, and obtain a greater understanding of clinical anatomy which for them improves their practice, and for patients, enhances the quality of care received. With the vast amount of data and statistics that are generated on MOOCs, actually trying to draw out the benefits to individual learners and the wider public under their influence is a challenge. However, as Veletsianos [45] highlights, amongst the big data, it is those invisible learners who are undertaking an individual journey, which would previously have been unavailable, that MOOCs may serve. For some learners, this experience may be rather inconsequential, but for others, there may be a lasting impact on their own personal development, the students they teach, or the patients they treat. Examples have been provided previously as to how MOOCs can have a powerful impact on individuals [45] , and much more work is needed to evidence the actual linkage between MOOCs as a CPD or IPE tool and patient outcomes. However, amongst all the conjecture and rhetoric on the value of MOOCs in education, the work highlighted in this paper adds empirical evidence to the nascent research in this field.
Study Limitations and Future Directions
The limitations of the study are primarily in the small sample size and the potential sampling bias. As the study uses data derived from a self-reported questionnaire, it is difficult to draw conclusions which can be generalised to other contexts. Moreover, the small sample size leaves interpretation of demographic profile, engagement patterns, and self-perceived benefits open to criticism. A final limitation is with the data only reflecting the use of a single MOOC created by one institution. However, due to the lack of empirical evidence into the utility of MOOCs in medical education, especially as a potential CPD tool for IPE, this data adds much needed research to this field.
Future research will endeavour to explore the potential role of clinical anatomy MOOCs within medical education. As this study has provided an exploratory view of the potential MOOCs can have as a CPD tool, further work will consider how more discussion can be created between healthcare professionals using either specific groupings within MOOCs or converting the current clinical anatomy MOOC into a SPOC. Only by understanding the boundaries to engaging fully with the discussion fora between individuals will the ability of MOOCs to be used as an approach to IPE, at either the undergraduate or postgraduate level, be fully appreciated. By targeting the MOOC to groups of specific healthcare individuals, and using more sophisticated qualitative and quantitative approaches, the role of MOOCs can be better understood.
Conclusions
The role of MOOCs in medical education is currently under explored. This study has attempted to provide an insight into the potential benefit that this mode of online learning can have on healthcare professionals as a form of CPD. This 3-week anatomy MOOC, developed by the University of Leeds, UK, attracted a number of healthcare professionals from a range of diverse roles and appeared to provide clear benefit. In comparison to undergraduate use of the same MOOC, the healthcare workers appeared to interact with the course in a more holistic way by following the suggested course pathway and clearly appreciated the diverse content available. Although the data presented suggests a lack of interaction with the discussion elements of the course, the level presented is relatively high compared to other courses and may potentially present an opportunity for their further use as a form of IPE. This could be achieved by the adaptation of the existing content into SPOCs, which can be specifically targeted at healthcare professionals. Due to the current lack of empirical evidence to support the development of a conceptual framework for the integration of MOOCs in medical education across all levels of training, this paper adds to this nascent field.
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